In this paper, the new Sommerfeld-Watson transformation is introduced and a new derivation processing is given. Unlike the original one, this new derivation directly starts from the solution of the traditional SommerfeldWatson transformation. The result is instantly reached using the relation between Q l (cos θ) and P l (cos θ) which represents travelling wave and standing wave respectively. So the mathematical processing is simpler and faster than the original derivation approach. At last, the simulation results show that the new approach is in good agreement with the traditional solution.
Introduction
The problem of high-frequency wave scattering by a sphere is a traditional topic. The solution of this problem, which is known as the Mie series, can be used in many different fields such as communication, exploration geophysics, etc. Although the Mie series has been established for a long time, there is an important problem in calculating it: as the frequency become higher, the number of summation terms, which is proportional to k 2 a + c(ka) 1/3 + b 2 (where a is the radius and k is the wave number), will increase. The request for the speed and the memorize size of the computer will become higher and higher, thus, the application of the Mie theory is greatly limited. Much excellent research have been done on this topic [ 
The Analysis of the Spherical Wave
For simplicity, the scalar wave incident e ikz is considered and the center of the sphere is located at the origin. It is well known that the Helmholtz equation in spherical coordinate can be written as
The general solution of equation (1) is as follow:
a nm , b nm are arbitrary constants. Since the incident wave and the sphere are both symmetric about the z axis, and equation of the θ variable can be obtained after the separation of variables:
where l is an integer, l > 0. The solution of equation (3) is the Legendre function:
According to the properties of the Legendre function, P l (cos θ), Q l (cos θ) represent the spherical standing wave and spherical travelling wave respectively.
The New Derivation of the New Residue Series
For the 3-D case, the solution of the Sommerfeld-Watson is [7] Ψ(r, θ) =
where
C is the contour and the right side of the equation is contour integral, ν = 1/2 + l, l is the integer. It is obvious that the integral is very complex and it is hard to unveil the physical meaning from the expression. Based on the analysis above, it is known that Q l (cos θ) is the spherical travelling wave, so it could be used in equation (4) to reach a new residue series that is better for physical interpretation.
Substitute equation (5) into (4):
The contour integral at the right side of (6) could be written as
After the change of variable ν ′ = −ν, (7) could be rewritten as
.Using the property of P l (cos θ): P ν−1/2 (cos θ) = P −ν−1/2 (cos θ), equation (8) is changed into:
If the relationship between the first and the second Legendre functions is used 
ν (z), it could be obtained that: Figure 1 : The amplitude of the total field in the shadow region Figure 2 : The phase of the total field in the shadow region
Substitute (12) into (10) and using the variable substitution ν ′ = −ν, equation (10) could finally be changed to
Every term in the summation can be regarded as the multiple excitations at 2nπ, travelling to θ [8] . With Jordan's lemma, the integration can be turned into a contour integration in the upper half plane for n > 0, or in the lower half plane for n < 0. As the others will decay rapidly when the frequency goes high due to e 2iνπn , the main contribution of the summation comes from the n = 0 and n = 1 terms.
Using the variable substitution ν ′ = −ν in equation (14):
(cos θ − i0) is analytical in the upper half plane, the only contribution of the poles comes from A ν−1/2 (kr). By the residue theorem, the contour integration can be deformed into
The Simulation Result Comparison
Here, the simulation results in Mao-Kun Li 's paper [8] are quoted to show that the new approach is in good agreement with the traditional solution: Mie series and the Sommerfeld-Watson transformation, where ka = 20, kr = 22. In these two figures, the horizontal coordinate represents the angle θ in spherical coordinate. In figure 1 , the vertical coordinate represents the amplitude of the total field scattered by the sphere. In figure2, the vertical coordinate represents the phase of the total field. The difference between the three methods is the result of the other poles exists in the upper half complex planes.
Conclusion
In this paper, the traditional scattering problem by a sphere has been discussed and a simpler derivation of the new Sommerfeld-Watson transformation has been presented. Comparing to the original derivation, this method directly starts from the Sommerfeld-Watson transformation and has a relatively shorter procedure. In the end, the simulation results are introduced to prove the correctness of the new Sommerfeld-Watson transformation. It is a new direction of this traditional problem and it is significant in solving electromagnetic problems, which exist in the communication engineering, geophysical exploration, millimeter wave integrated circuits and have the relationship with the traditional problems.
